Abstract: Latex modified concrete (LMC) is used for a bridge deck pavement method that was introduced in Korea in the 2000s, and it is currently the concrete pavement method being used for most highway bridges. It has been recommended that mixing with latex approximately 15% in terms of polymer-cement ratio (P/C ratio) by weight showed no occurrence of cracks with sufficient tensile strength and bond strength of LMC. However, many cracks occur in the actual field mostly due to drying shrinkage of concrete, requiring frequent repair. Therefore, this study examined the feasibility of applying a shrinkage reducing agent(SRA) that could reduce plastic shrinkage cracks at early age as well as drying shrinkage cracks of LMC. Based on the test results, it was confirmed that adding a shrinkage reducing agent could secure the durability without affecting the fresh and hardened properties of LMC. The compression strength test results presented a 1.7-5.7% improvement in strength to the SRA mixture compared to the plain mixture. Length change test results indicated that SRA mix conditions presented more outstanding performance compared to mix conditions with the expansive admixture. The amount of shrinkage reducing agent suitable for achieving performance requirements in length change, crack resistance, chloride ions penetration resistance and scaling resistance, was evaluated as 3% by weight ratio of binding material under the limited condition of the present study.
Introduction
In recent years, the construction of large bridges has been promoted in Korea with the aim of revitalizing tourism in the West Sea and the South Sea, including the development of more than 36 bridges (bridges connecting an island and the land and bridges connecting islands) scheduled until 2020. Various studies regarding the pavement of such bridges are being carried out actively at home and abroad, as a method of protecting the bridge deck from impacts, rain water, chloride and other environmental conditions is required. The bridge deck pavement method used most frequently in Korea is the latex modified concrete (LMC) bridge deck pavement method, which was introduced in the 2000s (American Concrete Institute 2008) . LMC is produced by mixing ordinary concrete with latex in which polymer produced by copolymerizing styrene monomer and butadiene monomer in the water is distributed evenly in a certain quantity, significantly improving the durability in comparison to ordinary concrete. It has been reported that the latex used in LMC fills micro-pores and forms a film layer to prevent the penetration of moisture or chloride from the outside, leading to an improvement of the durability (Kim et al. 2001; American Concrete Institute 2000; Wang et al. 2015) . However, it is difficult to control the cracks of LMC due to the construction conditions of bridge deck pavement in which significant water evaporation occurs, and as a result, plastic shrinkage cracks and drying shrinkage cracks often occurs as shown in Fig. 1 (Yun et al. 2002; Choi et al. 2016) .
Various technologies for reducing cracks that can occur in concrete due to various factors have been developed and used. Recently, shrinkage reducing agent has been employed to reduce drying shrinkage and the cracks. The shrinkage reducing agent reduces the capillary tension during drying, leading to reduction of shrinkage and cracks (Park et al. 2013; Qian et al. 2006) . Therefore, the mechanical properties and durability performance of latex modified concrete for each mixing ratio of shrinkage reducing agent were analyzed and field applicability was evaluated in this study in order to evaluate the feasibility of using the shrinkage reducing agent to reduce the cracks that may occur when LMC is used for bridge deck pavement.
Principle of Shrinkage Reducing Agent
Drying shrinkage is considered to be a physical behavior accompanied by the evaporation of moisture, and the most valid theory among various theories for its mechanism of action is the capillary tension theory. A meniscus is formed in a micro-pore in concrete, due to the capillary tension existing with the surface tension of water when water evaporates. Drying shrinkage is the mechanical deformation of the matrix caused by a driving force, the capillary tension ( Fig. 2) (Han et al. 2006; Kang et al. 2016 ). The capillary tension may be shown as the coefficient of radius curvature and the surface tension, and when water evaporates due to drying, the radius curvature decreases and the capillary tension increases, so that shrinkage occurs.
Where, Dp: Capillary tension c: Surface tension of liquid r 1 , r 2 : Main radius curvature of liquid (m) When the shrinkage reducing agent is used, the surface tension of water is lowered, reducing tensile stress and drying shrinkage. It is reported that adding the shrinkage reducing agent could reduce the surface tension of capillary water to 30 * 45 mN/m, decreasing drying shrinkage (Kim et al. 1997 ).
Experiment Plan and Method

Test Variables
In order to evaluate the properties of the LMC mixed with the shrinkage reducing agent, the mixing ratio of the shrinkage reducing agent used in ordinary concrete was reviewed in advance, and the mixing ratios (0, 1.0, 2.0, 3.0, 5.0%) in comparison to the binder weight were decided. The mix proportions are displayed in Table 1. A series of specimens was additionally produced using expansive admixture (binding material replacement ratio-1%) and fiber (binding material 9 0.2) and examined for the comparative evaluation of admixture materials used for reducing cracks of LMC. Mixing was carried out through a separate charging to carry out dry mixing for 30 s with International Journal of Concrete Structures and Materials aggregate and cement, followed by wet mixing of them with latex and water for 90 s. LMC specimens were cured in a thermostatic chamber (temperature of 20°C and 60% humidity).
Materials for Use 3.2.1 Cement
Ordinary Portland cement with a density of 3.14 g/cm 3 and fineness of 3200 cm 2 /g manufactured by S company in Korea was used for the cement in this study.
Latex
The latex used in this study was produced by adding the surfactant and the stabilizer to a milky liquid material produced from high molecular copolymer consisting of styrene and butadiene as main monomers. The physical properties of the latex are shown in Table 2 .
Aggregate
Crushed aggregate with a maximum size of coarse aggregate of 13 mm was used for the aggregate in this study in consideration of the thickness of the bridge deck pavement, and natural river sand was used as fine aggregate. The physical properties of the aggregate are shown in Table 3 .
Shrinkage Reducing Agent
A glycol ether-based product was used for the shrinkage reducing agent in this study. The properties of the shrinkage reducing agent are shown in Table 4 .
Test Method 3.3.1 Properties of Fresh Concrete
In order to evaluate the fresh properties of LMC mixed with the shrinkage reducing agent, the slump and air content tests were carried out according to KS F 2402 and KS F 2421.
Strength Properties
To assess the strength properties according to the mixing conditions, the LMC compressive strength tests were performed at the 7 and 28 days of aging as per KS F 2403. For the bond strength, concrete slab substrates (300 9 300 9 50 mm) were produced with the concrete of 40 MPa compressive strength in advance and overlaying a 50 mm-thick LMC at the 28 days of aging. The measurement was carried out in accordance with ASTM C 1583-04 (ASTM 2004).
Evaluation of Durability Performance
The length change test, crack resistance test, chloride ions penetration resistance and scaling resistance test were carried out to evaluate the durability performance. For the length change test, a both-end flange type gauge was embedded in the middle of a 100 9 100 9 400 mm prismatic shaped LMC specimen and the shrinkage was measured until the 28 days of aging. For the crack resistance evaluation, ring specimens were produced in accordance with AASHTO PP 34 99 and the occurrence of cracking was visually observed until the 56 days of aging (AASHTO 2005) .
The chloride ions penetration resistance was evaluated by measuring the charge passed at the 28 days of aging in accordance with KS F 2711 (Korean Standards Association 2017 .
For the scaling test, the quantitative evaluation was carried out in accordance with SS13 72 44, the test standards used in Sweden (Fig. 3) (Swedish Standard Institute 2005) . For the measurement method, a 150 9 150 9 50 specimen was produced, a sodium chloride solution was sprayed on the top side of the specimen, the process of freezing (16-18Hr) and thawing (6-8Hr) was repeated for 56 cycles, and then the rate of mass change was measured. 
Experimental Results and Discussions
Fresh Properties
The test results of fresh properties of LMC are shown in Fig. 4 . Slumps of all SRA mixes satisfied the requirement of 160-220 mm for LMC presented by the Korea Expressway Corporation. Slump of SRA 5 mix was approximately 10% smaller compared to the other SRA mixes. It is considered that this was caused by an increase in air content of SRA 5 mix. When the expansive admixture was used, a decrease in air content and a slight increase in the slump were shown, and the workability of concrete decreased when it was mixed Fig. 4 Fresh properties. with fiber, leading to a lower slump compared to other mixes.
Compressive Strength and Bond Strength
The result of the strength properties evaluation of LMC for each mixing condition is shown in Fig. 5 . The compressive strength at 7 days increased with the mixing ratio of the shrinkage reducing agent, but it decreased when the mixing ratio was 5%. The compressive strength at 28 days for all mixes satisfied 27 MPa that is the strength requirement of the Korea Expressway Corporation. The compressive strength at 28 days of SRA 5 was lower than that of SRA 3. It is considered that this was because a large amount of mixing water was replaced by the shrinkage reducing agent so that the amount of mixing water required to have a reaction with cement decreased significantly. When LMC was mixed with expansive admixture, the compressive strength was similar to that of Plain mix. Mixing with nylon fiber also had no significant effect on the compressive strength.
In terms of the bond strength, fracture of slab substrate occurred in all mixing conditions, but the interfacial fracture occurred only in the mixture with fiber. All mixing conditions satisfied the bond strength requirement of 1.4 MPa presented by the Korea Expressway Corporation (Korea Highway Corporation 2012).
Durability Performance 4.3.1 Length Change Test
The test results of the length change ratio of LMC are shown in Fig. 6 . Plain mix without the shrinkage reducing agent showed the largest shrinkage, and the smallest shrinkage was shown when it was mixed with the shrinkage reducing agent in an amount of 0.3%. When it was mixed with the shrinkage reducing agent in an amount of 0.5%, the shrinkage decreased in comparison to Plain mix, but a larger shrinkage was shown compared to SRA 2 and SRA 3. This is most likely due to the increase in air content of SRA 5 mix. ED 1 mix specimen expanded at early ages then it shrank. Fiber 0.2 mix showed a similar length change to Plain mix.
Crack Resistance
We carried out the restrained shrinkage test with ring specimen in order to evaluate the crack resistance performance of LMC. It was found that no crack occurred in all mixes until the age of 56 days, meeting the requirement specified by the Korea Expressway Corporation. However, it is necessary to verify whether a crack occurs or not in longterm aging in the future.
Chloride Ions Penetration Resistance
The measurements of chloride ions penetration resistance at 28 days and 56 days are shown in Fig. 7 . The highest chloride penetration performance was shown when the shrinkage reducing agent was mixed at a ratio of 3%. When it is mixed with the shrinkage reducing agent, the matrix inside the LMC becomes dense, increasing the durability. It was confirmed that when it was mixed with the expansive admixture, it showed a higher durability than Plain, but such durability was slightly lower than the performance of SRA mixes. Fiber 0.2 mix showed the lowest chloride ions penetration resistance. This is likely because hydrophilic fiber and the fiber-matrix interface worked as a path of chloride ions penetration, however, the effect of fibers needs to be further investigated in a follow-up study. It was confirmed that all mixtures satisfied the requirements of the Korea Expressway Corporation, which are 2000°C at 28 days and 1000°C at 56 days.
Through analyzing the correlation between the result of the compressive strength test and the result of the chloride ions penetration resistance test, a high correlation of 92.5% as shown in Fig. 8 is shown, indicating that the high strength LMC showed high resistance to chloride ions penetration.. 
Scaling Resistance Test
Following a snowfall during winter season, chloride-based deicing agents are sprayed. However, spraying chloridebased deicing agents causes the combined deterioration of chloride attack and freeze-thaw damage to concrete structures. Therefore, the scaling test for the LMC specimen mixed with the shrinkage reducing agent was carried out in this study. In the test, SRA 3 mix that showed excellent fresh and hardened performance among SRA mixtures was compared with Plain at 28 days and 56 days. The result is as shown in Fig. 9 . In comparison to Plain, SRA 3 mix showed an increase in scaling resistance of 41.8-42.9% in terms of scaling mass. Also, SRA 3 mix showed the scaling mass ratio of 1.75, which is defined as the ratio of scaling mass at 56 days to scaling mass at 28 days, while Plain mix showed the scaling mass ratio of 1.90. This indicates SRA 3 mix exhibited an enhanced scaling performance in terms of scaling mass ratio as well as scaling mass. SRA 3 mix exhibited the result of ''Good'' grade in the evaluation grades presented by the standards in Sweden, which was higher than the ''Acceptable'' grade for Plain.
Evaluation of Crack Resistance in Field
A field test was carried out to evaluate the crack resistance of the LMC using the shrinkage reducing agent. SRA 3 mix was employed for the field test because SRA 3 mix showed the best performance in the prior tests. A 2 m 9 2 m 9 0.1 m slab was cast in a part of pavement, as shown in Fig. 10 . Cracks occurred was visually observed through monitoring until the age of 56 days. As a result of the experiment, no crack was found in the slab, indicating that the performance of the shrinkage reducing agent was confirmed. Further application and verification need to be performed on a larger size of bridge deck pavement.
Conclusions
In this study, the mechanical properties and durability performance of latex modified concrete for each mixing ratio of shrinkage reducing agent were analyzed in order to evaluate the feasibility of using the shrinkage reducing agent to reduce the cracks that may occur when LMC was used for the bridge deck pavement, and the results are as shown below.
1 Mixing with the shrinkage reducing agent had insignificant effects on the properties of fresh concrete, but when International Journal of Concrete Structures and Materials concrete was mixed with over 5% shrinkage reducing agent, excessive air content and slump loss occurred. In terms of the compressive strength and bond strength, SRA 3 mixing showed the highest compressive strength and bond strength, and the compressive strength and bond strength decreased in other mixing conditions. For the expansive admixture and fiber reinforcement, similar mechanical properties with Plain were shown, indicating that there were insignificant effects. 2 Through evaluating the shrinkage properties of LMC mixed with the shrinkage reducing agent, the SRA 3 mixing showed the lowest length change. In terms of crack occurrence, there was no crack developed under all mixing conditions in the crack resistance test for 56 days. However, it is necessary to verify whether a crack occurs or not in long-term aging in a follow-up study. 3 In the durability performance evaluation, it was confirmed that the high strength LMC showed high resistance to chloride ions penetration. In terms of the scaling resistance, an excellent result was also achieved as ''Good'' grade was shown when the shrinkage reducing agent was used. Also, no crack occurred in field test, indicating that shrinkage reducing agent could be applicable to the field. 4 In this study, we employed the shrinkage reducing agent to enhance the crack resistance of LMC for bridge deck pavement. Based on a series of the test results, it was found that the regulations of the Korea Expressway Corporation were satisfied in all conditions, and that the use of a shrinkage reducing agent within the prescribed range was favorable for securing performance. However, it is necessary to apply this to an actual bridge and monitor it for an extended period of time.
